is found in endoplasmic reticulum of endothelial cells and in plasma membranes of smooth muscles (Spencer et al. 1998; Funk 2001) . The epithelium derived prostaglandins PGs possess many functional roles in smooth muscle cells either contractile function or relaxation depending on the type of PG receptor on smooth muscle, all types found coupled to G-protein and activates cAMP thus causes relaxation of smooth muscle, while bind to calcium in case of contraction (Narumiya et al. 1999) , Indomethacin is a non-selective COX antagonist used generally to reverse the action of COX in vessels (Ansari et al. 2007 ).
More recently, studies showed the ability of cytochrome P-450 enzymes to metabolize arachidonic acid (AA) into active regulators of vascular tone. There are two categories of vasoactive P450 metabolites, first one those catalyzed by epoxygenase enzymes (EPOX) which generate EETs and those enzymes which generate HETEs. While for 20-HETE, P450 metabolites of AA occur as stereo-and regio-isomers, 5, 6-, 8, 9-, 11, 12-and 14, 15- EETs are generally potent dilators in vascular beds ( Cheng et al. 2014 ). Many hypotheses vastly shows EDHF, but there are many metabolites and enzymes beyond activation of this pathway in endothelial cells that mediate hyperpolarization by potassium channel activation and thus relaxation of smooth muscle, Cytochrome P450 is derived from AA, increase in intracellular Ca +2 concentration in endothelial cells enhances the synthesis of Cytochrome P450 metabolites and thus mediates EDHF vasorelaxing response, K+ ions that released from endothelial cells hyperpolarizes smooth muscle cells with aid of Na + -K + ATPase, the hyperpolarization of endothelial cells transmitted to smooth muscle by gap junctions (McGuire et al. 2001) . Clotrimazole is a selective drug used to block or inhibit the action of cytochrome p450 (Haouala et al. 2011 ). The present study aimed to investigate the cellular mechanism of melatonin in aortic and tracheal smooth muscle tone via cytochrome p 450 and COX pathways.
2.MATERIALS AND METHODS

Animals and housing
Male rats (Rattus ratuss norvegicus) were held in animal house of biology department, College of Science, University of Salahaddin, used for in vitro study. Here, 48 healthy male rats weighing about 250 g and 10 -12 weeks old were utilized. Female rats used for preliminary and hand skilling experiments in prepare to our protocol with male rats due to estrogen hormonal changes which lead to actions of resistance on target tissues leading to lower vascular tone and blood pressure in females than males. The animals were kept in plastic cages bedded with wooden chips each with 4-5 rats and given a standard pellets. The animals were housed in standard laboratory conditions of light and temperature (12 hrs. light: 12 hrs. dark photoperiod and 22 ± 4 C o ).
Tissue preparation
Preparation of rat aortic rings
Animals were injected and anaesthetized with ketamine (40 mg/kg) and xylazine (10 mg/kg) intra-peritonealy (Laird et al., 1996) . The animal abdomen opened bilaterally until chest cavity, and then the excess fat tissues removed to reach the appropriate length of aorta and isolate it smoothly without stretching and any mechanical force to obtain intact aorta. The aorta transferred to a petridish filled with ice cold Krebs-Henseleit solution aerated with about 95% oxygen in 37C o . The aortic rings then cut into 4-segments each with 2-2.5mm length approximately. The confirmation to ensure that we get a viable aorta, first we contract the muscle by PE then relax it by ACh.
Preparation of rat tracheal rings
Animals were anaesthetized, then the chest cavity were opened until cranial side to obtain optimal length of trachea, then cleaned from surrounding connective tissues and cut into rings of 3-4 segments length in ice cold Krebs solution 37C o .Two stainless steel hooks pass through the lumen of trachea and transferred to organ bath chamber with 10 ml Krebs solution aerated with about 95% O 2 and 5% CO 2 .
Isometric tension recording in isolated aortic rings
The isolated aorta as fast as possible passed by two stainless steel clamps (Tissue clamp, Model Le 0140, Panlab Harvard apparatus) in both opened sides of the aortic ring. One of the clamps attached to a hook in organ bath and the other clamp attached to thread leading to force transducer to record vasoreactivity and vibrations from the aorta to transduce it by amplifier (Quad bridge amplifier power lab 8/35) to computing system software (LabChart 7.1). The segments set down inside the organ bath chamber (Automatic organ bath, Panlab Harvard apparatus, USA) which previously filled with 10 ml Krebs solution with constant aeration of about 95% oxygen and 5% CO 2 , pH 7.3, and controlled temperature of 37C o by (LE 13206 Thermostat, Panlab Harvard apparatus, USA). The tension set on 2 gm and left to stabilize to 1 hr. with many times washing the chamber to remove the cellular metabolism end products. After the period of stabilization, the viability test was performed to know whether the aorta is still alive or not, by precontraction with KCl 60 mM (EC 50 , Dose response curve previously obtained in laboratory) and relaxing the aorta with ACh 0.1 M (IC 50 obtained in laboratory). If the aorta relaxes, it indicates it's still alive, otherwise the aorta is dead. After viability test performed successively, the aorta washed many times to reach the stability again and then the experimental samples were added to the chamber in microliters of melatonin with cyclooxygenase and epoxygenase inhibitors combinations preincubated for 20 minutes then contracted with Phenylephrine 3X10 -6 M (Dose response curve previously prepared in laboratory) and let it until reach maximum contraction and plateau, then relaxation occur by dose response curve for SNP (1X10 -8 M-1X10 -5 M) and Sildenafil (1X10 -8 M-1X10 -5 M) a NO inhibitor, and PDE5 inhibitor respectively, and the cumulative-dose response curves obtained in time interval of 3 minutes.
Isometric tension recording in isolated tracheal rings
The isolated rings passed by two clamps and transferred to organ chamber with sufficient bubbles of both 95%O 2 -5% CO 2 and 37C O . The tracheal rings set on 1gm tension and incubated for 30 minutes in organ bath chambers, after reaching the steady tension, viability test made by 60 mM KCl and then washed many times to return to initial tension then incubated with melatonin, cyclooxygenase and epoxygenase inhibitors and combination with other test drugs for 20 minutes then precontracted with ACh (1X10 -6 ), (DRC obtained previously in laboratory) and the vasorelaxation occur by DRC for SNP (1X10 -8 M-1X10 -5 M) and Sildenafil (1X10 -6 M-1X10 -4 M) and the cumulative-dose response curves obtained in time interval of 3 minutes.
Experimental design
This study was performed to investigate the effect of melatonin pre-incubation on vascular activity of aorta and trachea pre-contracted with PE, and ACh according to the type of tissues, and cumulative dose response relaxation curves were obtained using two models, a nitric oxide donor inhibitor (SNP) and selective PDE5 inhibitor (Sildenafil).
Experiment I
In this experiment, the aorta pre-incubated with melatonin, cyclooxygenase and epoxygenase inhibitors, then contracted with PE (3x10 -6 M), and dose response curve made to SNP and Sildenafil as the following groups:
Group 1: Controls (n=6)
After reaching the initial tension, the aorta contracted with PE (3x10 -6 M), and when reaches the plateau the concentrations of SNP, Sildenafil added dose by dose to reach the maximal relax of aorta.
Group 2: Melatonin (n=6)
The aorta pre-incubated for 20 minutes with melatonin 1X10 -7 M then contracted with PE, and dose response curves for SNP and Sildenafil performed. Melatonin with cyclooxygenase and epoxygenase inhibitors were pre-incubated for 20 minutes and then contracted with PE (3x10 -6 M), then relaxed with Sildenafil(1X10 -8 M-1X10 -5 M) and IC 50 obtained for Sildenafil.
Group 3: COX inhibitor (n=6).
The aorta incubated with indomethacin (10 -5 M) for 20 minutes, then contracted by PE and relaxed by SNP, and Sildenafil doses, then after washing aorta many times the aorta incubated with melatonin and Indomethacin for 20 minutes and concentration-response curves and IC 50 obtained again for SNP and Sildenafil.
Group 4: Cytochrome P450 inhibitor (n=6).
The aorta pre-incubated for 20 minutes with clotrimazole (30 mM), then contracted by PE and relaxed by SNP, and Sildenafil doses. After washing aorta many times, the aorta incubated with melatonin and clotrimazole for 20 minutes and concentration-response curves and IC 50 obtained again for SNP and Sildenafil.
Experiment II
In this experiment, the trachea pre-incubated with melatoni, cyclooxygenase and epoxygenase inhibitors then contracted with ACh (1x10 -6 M), and dose response curve made to SNP and Sildenafil as the following groups:
Group 1: Controls (n=6).
After many washing to reach the resting tension, the trachea contracted with ACh (1x10 -6 M). Then concentrations of SNP, Sildenafil added dose by dose to reach the maximal doses and relax the trachea.
Group 2: Melatonin (n=6).
The trachea pre-incubated with melatonin 1X10 -7 M for 20 minutes then contracted with ACh, and dose response curves for SNP and Sildenafil performed. Melatonin was pre-incubated for 20 minutes and then contracted with ACh (1x10 -6 M), then relaxed with Sildenafil(1X10 -8 M-1X10 -5 M) and IC 50 obtained for Sildenafil.
Group 3: COX inhibitor (n=6).
The trachea incubated with indomethacin (10 -5 M) for 20 minutes, then contracted by ACh and relaxed by SNP, and Sildenafil doses, then after washing trachea many times the trachea incubated with melatonin and indomethacin for 20 minutes and concentration-response curves and IC 50 obtained again for SNP and Sildenafil.
Group 4: Cytochrome P450 inhibitor (n=6).
The trachea incubated for 20 minutes with clotrimazole (30 mM), then contracted by ACh and relaxed by SNP, and Sildenafil doses, then after washing trachea many times the trachea incubated with melatonin and clotrimazole for 20 minutes and concentration-response curves and IC 50 obtained again for SNP and Sildenafil.
Statistical analysis
The concentration of the SNP and Sildenafil producing IC 50 was determined after logarithmic transformation of the normalized concentrationresponse curves and is reported as the negative logarithm (-log IC 50 = pIC 50 values) of the mean of individual values for each tissue, using Graph Pad Prism version 5.0 (GraphPad Software Inc., San Diego, CA). The maximum relaxant effect (E max ) was considered as the maximal amplitude response reached in concentration-effect curves for both relaxant agents. Results are expressed as means ± SEM and the values were compared by ANOVA and a post hoc Bonferroni's multiple-comparison analysis to determine significance between groups, as appropriate. Values were considered to be significantly different when P < 0.05. Figure 1 , A indicated that indomethacin pre-incubation shifted the DRC of Sildenafil to the right significantly (p<0.05), and it did not cause a significant change in E max and p IC 50 . On the other hand, preincubation of aortic rings with melatonin and indomethacin altered p IC 50 from 5.945±0.9031 of Sildenafil to 6.428±0.2687 of indomethacin and melatonin, however, the DRC shifted to the right as plotted in (Figure 1, B) . Interestingly (Figure 1,C) , compare the effect of indomethacin and indomethacin with melatonin pre-incubation in which p IC 50 tended to elevate from 5.891±0.2316 of indomethacin to 6.428±0.2687 of indomethacin and melatonin, but E max not altered. As seen in Figure 2 , A, p IC 50 tended to increase from 5.945±0.9031 of Sildenafil to 6.849±0.1594 of clotrimazole without significant change in E max . However, the DRC shifted to the right. The results in (Figure 2 , B) clarifies that p IC 50 tended to elevate from 5.945±0.9031 of Sildenafil to 7.130±19.02 of clotrimazole and melatonin, as E max did not change while DRC of control shifted to the right. The present results of clotrimazole and clotrimazole with melatonin indicate that there was no significant change in E max , However, p IC 50 slightly changed from 6.849±0.1594 of clotrimazole to 7.130±19.02 of clotrimazole and melatonin causing the curve of clotrimazole to shift to the left slightly as shown in (Figure 2 ,C). The results of present study as shown in Figure  3 .A, revealed that indomethacin Pre-incubation, shifted the DRC of SNP to the right, and elevated p IC 50 significantly (p<0.01) from 6.033 ± 0.3108 of SNP to 7.153 ± 0.3225 of indomethacin, while they cause no significant change in E max . Clarifications for (Figure 3 , B) indicated that, melatonin and indomethacin pre-incubation for 20 minutes tended to increase p IC 50 significantly (p<0.01) from 6.033 ± 0.3108 of SNP to 7.217± 0.205 of indomethacin and melatonin, moreover, it shifted the DRC to the right slightly. On the other hand, indications in (Figure3, C) showed that there was no marked change in p IC 50 and E max . Pre-incubation of aorta with clotrimazole decreased the E max from 108.7±20.13 to 84.5±13.86 as in Figure 4 , A , while clotrimazole with melatonin together gives rise to slightly increase in p IC 50 and shifted the DRC to the right significantly (p<0.05).
3.RESULTS
Data analysis presented in
Comparing clotrimazole with clotrimazole and melatonin, the DRC of clotrimazole shifted to the right significantly (p<0.05). However, p IC 50 elevated slightly ( Figure  4 ,C). Indomethacin pre-incubation in Figure 5 , A shifted the DRC of Sildenafil to the right significantly (p<0.001), while it did not change in E max , also it altered p IC 50 significantly (p<0.001) from 3.998±0.0404 of sildenafil to 4.511 ± 0.0624 of indomethacin pre-incubation of melatonin and indomethacin for 20 minutes, p IC 50 tended to increase from 3.998±0.0404 of Sildenafil to 4.746±0.3023 of indomethacin and melatonin. Also the DRC shifted to the right significantly (p<0.001), and E max significantly decreased (p<0.001) from 97.2±7.626 to 69.6±19.06, as seen in (Figure5, B) . While (Figure 5, C) , showed the effect of indomethacin with indomethacin and melatonin pre-incubation in which p IC 50 did not alter. Nevertheless, E max decreased significantly (p<0.001) from 102±6.547 to 69.6±19.06 and the DRC of indomethacin shifted to the left significantly (p<0.001) by pre-incubation of trachea with melatonin and indomethacin. Data from our results indicates that indomethacin pre-incubation for 20 minutes shifted the DRC of SNP to the left, and decreases in E max from 73.1± 30.82 to 51.49± 5.570, while slightly altered p IC 50 as illustrated in Figure 6 , A. However, depending on data present in (Figure 6,  B) , melatonin and indomethacin pre-incubation tended to decrease both pIC 50 and E max , while shifted the DRC to the left significantly (p<0.05). Meanwhile, in (Figure 6 , C), indomethacin with indomethacin and melatonin pre-incubation decreased pIC 50 from 6.151± 0.1632 of indomethacin to 5.652± 0.370 of indomethacin and melatonin. Also E max slightly decreased from 51.49± 5.570 to 41.56± 10.16. Furthermore, DRC of indomethacin shifted to the left significantly (p<0.05) with melatonin and indomethacin preincubation. Tracheal rings that are pre-incubated with clotrimazole slightly tended to increase pIC 50 , while at the same time reduced E max from 73.1± 30.82 to 46.08± 5.914, and shifted the DRC to the left slightly as seen in Figure 7,A) . On the other hand in (Figure 7,B) , pIC 50 did not change but E max decreased from 73.1± 30.82 to 46.13±6.383. Interestingly, the DRC slightly shifted to the left by melatonin pre-incubation. Furthermore, clotrimazole as compared with clotrimazole and melatonin pre-incubation shifted the DRC to the left slightly, indeed p IC 50 reduced slightly as shown in (Figure7, C). 
4.DISCUSSION
The current result indicated that indomethacin pre-incubation caused aortic relaxation and elevation of pIC 50 when SNP is used for DRC relaxation. On the other hand, On the other hand, pre-incubation of aortic rings with melatonin and indomethacin altered p IC50. Mostly, activation of prostacyclins by NO donor confirmed in vitro experiments, in which prostacyclin activated by activation of prostaglandin H synthase and probably increases the activity of COX which increases cGMP pathway indirectly (Davidge et al. 1995) . Indomethacin is a non-selective COX inhibitor that capable of inhibiting vasoconstriction effects of thromboxane TA 2 and prostaglandins PGF 2 (Hink and Munzel 2006) . Indomethacin also reverses the action of COX in the vessels (Ansari et al. 2007 ). Furthermore, free radicals which enhances vasoconstriction are formed by mobilization of AA (Pratico 2008 ). From the present finding it can be concluded that the vasorelaxant activity of melatonin may partially due to COX pathway (Esposito et al. 2008) .
In contrast to the results obtained by aorta, the relaxant effect of indomethacin in the trachea was significantly reduced by melatonin pre-incubation. The DRC of sildenafil significantly shifted to the right and pIC 50 markedly elevated. However, according to our knowledge, there is no any report showing that how melatonin affects tracheal smooth muscle tone through COX pathways, but one hypothesis of this finding may relate to melatonin mt 2 high localization on tracheal smooth muscle cells rather than melatonin mt 1 receptors. The second hypothesis might explain such effect of melatonin on indomethacin induced relaxation of trachea by inhibition of COX-2 pathways (Esposito et al. 2008) . Also clotrimazole pre-incubation markedly shifted the DRC of sildenafil to the right. Several mechanisms have been suggested to explain how clotrimazole causes aortic relaxation, the arachidonic acid activates cytochrome p 450 pathways which in turn activates two pathways; first activates EETs by epoxygenase which causes vasodilation and second 20-HETE by hydroxylase which causes vasoconstriction (Metea and Newman 2006) . It has been known that the vasorelaxant effect of EET returns to opening of BKca +2 channels and hyperpolarizing the cell membrane (Juffermans et al. 2008 ). Toth et al. (2013) observed that 20-HETE considered as an inhibitor of BKCa +2 channels and activates Ca +2 channel.
On the other hand, in tracheal rings melatonin pre-incubated with clotrimazole did not change the vasorelaxant effect of clotrimazole. It can be concluded that melatonin may acts through other mechanism rather than EET pathway. Indeed, melatonin suggested to open BKCa +2 channel by EET pathway (Nelson and Quayle 1995) . It's supposed that the K + ions which is released from BKCa +2 channels activates Kir channels or Na + /K + ATPase pump and hence act as EDHF (Kofuji et al. 2002) .
Interestingly, melatonin significantly affected DRC of SNP and more importantly its effect appeared with clotrimazole pre-incubation. The main cause of this variation may due to that NO increases free radicals (Beckman et al. 1990 ), while cGMP does not interfere with formation of oxidative stress. So, NO may inhibits alpha and beta adrenoreceptors by peroxynitrite, (ONOO -) which considered as a strong inhibitor of the prostaglandin synthase, leading to decreased formation of the vasodilator prostacyclin PGI 2 (Hink and Munzel ,2006; Liaudet et al. 2009 ). The direct pathway of NO contributes opening of calcium activated K + channels (Dalsgaard et al. 2010 ) and inhibiting mitochondrial cytochrome oxidase (Bernal et al. 2008 ). There is also well established that the indirect pathways of NO include cGMP formation that activates sGC and activates protein kinase G which in turn inhibits IP 3 mediated calcium release (Inserte et al. 2013) . Another pathway includes vasoconstriction through production of metallothionein by nitrosation and production of zinc which activates protein kinase C (Bernal et al. 2008 ). In addition, increasing of free radicals may reduce cGMP formation. Therefore, it is noteworthy to resulted that melatonin because of it is potent antioxidant (Srinivasan et al. 2014) discarded the free radicals formation from SNP and its vasorelaxant activity appeared when preincubated with clotrimazole and such effects of melatonin did not observe in DRC of sildenafil.
In conclusions, the current results indicated that melatonin changed the relaxant effects of indomethacin and clotrimazole, therefore, the present finding suggested that the relaxant effects of melatonin may partially returned to inhibiting COX and cytochrome p450 pathways in both trachea and aortic tissues.
